appears to disrupt the host cell, although on occasion (Fig 4) a loss of cell substance surrounding the hyphe was evident. While this may be due to some artifactual shrinkage of the tissues it could also indicate local enzymatic digestion of the cell substance by the hyph, during the invasive process. The fungi situated in the spinous and basal epithelial cells often appear surrounded by a distinct plasma membrane, suggesting that these vital epithelial cells are capable of enclosing the hyphe within phagocytic vacuoles in an attempt to exclude the parasite from the cell. A further association was seen between apparently degenerate cells within the deeper epithelial layers and the presence of candidal hyphe. Since some cell death may have occurred during preparation of explants the fungi may merely have a propensity for these less metabolically active cells; alternatively, the presence of candida within the cells, especially within the nucleus, may lead to degeneration and cell death. Further consideration of the relationship between candida and the metabolically active epithelial cells may do much to reveal the factors which have a role to play in the limitation of fungal penetration in vivo.
We may conclude from these studies that the in vitro system of mucosal candidiasis forms a useful experimental model in which to investigate the mode of invasion and the initial and shortterm responses of an epithelium to candida, in the absence of systemic factors which may influence the relationship in vivo. '(1975) It is known that isografts of whole mammalian tooth germs exhibit continued differentiation and growth. However, the ectopic environment commonly promotes dysplastic and metaplastic changes within the graft, especially squamous metaplasia with cystic degeneration in the enamel organ. This latter change may provide an experimental model of the pathogenesis of dentigerous cysts, the rationale of which has recently been reviewed by Harris & Toller (1975) . The broad aim of the present investigations was to graft components of primate teeth and tooth germs at several stages of development and to examine their capacity for further growth and metaplasia. The teeth of young monkeys (Macaca fascicularis) were chosen because of their close similarity to the human dentition and because they are sufficiently large to be manipulated without sacrifice of the animal. The subcutaneous layer offers a large field for grafting but the identification of small grafts for harvesting is problematical. To facilitate relocation a modification was used of a method described by LewinEpstein (1964) (Fig 3) surrounded by scant fibrous tissue, and giant cells are more numerous. The macrophages are expanded by a granular material presumed to be an ingested product from the sponge. Although the monkey granuloma is very vascular it was not clear whether the phagocyte-rich environment would -support the grafts. However, from 20 positive of grafts of oral mucosa there was 70 % survival for periods of up to 8 weeks, and epithelium was x, found to proliferate across the sponge matrix r (Fig 2) . In contrast epithelium was convincingly e demonstrated in only one of 23 grafts of the e periodontal ligament. rod and areas of sponge matrix. Enclosure within the granuloma led to cavitation and the formation of pseudocystic spaces into which polymorphonuclear leukocytes migrated (Fig 3) . The second epithelial change arose in samples scraped from the adherent integument over the entire crown surface; these had been shown to contain some differentiated ameloblasts. Surviving epithelium in these grafts did not acquire overt squamoid features but remained as small nests of basaloid cells. In some instances a condensation of dysplastic mineralized tissue lay next to these epithelial rests. This tissue had an appearance intermediate between bone and dentine (osteodentine) and its presence suggested that either viable odontoblasts or epithelium retaining an inductive capacity had been transferred in the graft.
Survival of subdivided tooth germ isografts was 56% (14 out of 25) through intervals of up to 12 weeks. Only a minority showed continuing odontogenesis to produce a tooth-like structure. In these, dysplastic changes similar to those of human odontogenic hamartomas were found, including globular deposition of enamel matrix within the enamel organ, duplications in the root sheath and osteodentine formation. Osteodentine masses without enamel were found in three grafts. In some instances only dysplastic calcified tissue and epithelial rests remained (Fig 4) similar to those derived from some follicular grafts. Eleven of the surviving grafts contained squamous epithelium, usually exhibiting active proliferation and occasionally incomplete parakeratosis. Vigorous growth of this epithelium led to enclosure of the distal part of the rod in several grafts (Fig 5A) . The epithelium arose from squamous metaplasia in the enamel organ. In those few grafts where there was both persistent dental tissue and metaplastic epithelium the topographical relationship between the two suggested that the latter came from the outer layers of the tooth germ (Fig SB) . Two of 6 grafts of the root diaphragm also yielded squamous epithelium. It is likely that these samples also included a small part of the enamel organ.
Discussion
The novel granuloma/rod system has proved as satisfactory a milieu for odontogenic isografts in the monkey as in the rat. Only grafts of periodontal ligament failed to grow satisfactorily and these may have been subjected to excessive damage during removal from the root surface. Otherwise the growth of some 50% of experimental material compared with 70% of positive controls is regarded as an adequate yield for grafts subjected to mechanical separation. The system has the singular advantage of providing for the accurate relocation of small grafts, and the influence of the artificial sponge and attendant granuloma on growth appears to be promotional. When grafted epithelium proliferates to partly enclose the polyamide rod, transverse sections contain profiles which resemble the structure of a cyst (Fig 5A, Fig 6) and it may be possible to exploit this feature as an experimental model of the construction of cyst walls. Initial studies have also shown that if the rod is replaced at the time of grafting by one of marginally smaller diameter, enclosure by epithelium is facilitated. The structure of the interface between the rod and epithelium of odontogenic origin could have features in common with the attachment of junctional epithelium to the tooth surface and electronmicroscopic investigations of this zone have been started. In subdivided tooth germ isografts the metaplastic shift is toward less specialized tissue, i.e. squamous epithelium from the enamel organ and osteodentine from the dental papilla, and amelogenesis seldom continues after grafting. Both oral epithelium and metaplastic odontogenic epithelium grow out across the sponge matrix but in the latter this process is exaggerated and frequently associated with an inflammatory cell infiltration. Infection was excluded as a possible stimulus to this inflammation but its origin is otherwise uncertain. Whole tooth germ isografts from rodents typically pass through an early inflammatory phase (Atkinson 1972 ) and, in our pilot studies with rats, proliferation of squamous epithelium from such grafts was found only at that time. It is possible that degradation of poorly nourished parts of the tissue soon after implantation gives rise to factors both chemotactic for leukocytes and capable of stimulating epithelium to proliferate. This process may be enhanced in grafts already damaged by subdivision. The persistence of inflammation and epithelial growth in the present grafts in part could be attributable to the effect of accumulated metabolites in the pseudocystic spaces between epithelium and sponge matrix, but other factors may be involved. In particular the grafts from monkeys were taken at a later stage of odontogenesis than those from rats, and it has been shown that murine isografts implanted after amelogenesis is completed (Atkinson 1972) are associated with persistent squamous change in the enamel organ.
Our observations suggest that the outer layers of the reduced dental epithelium in follicular grafts and of the enamel organ in tooth germ grafts are the source of active squamous epithelium. Renewed growth and metaplasia of reduced dental epithelium occur naturally in the late stages of tooth eruption when its outer layers undergo squamous change and proliferate to bridge the narrow zone between the tooth crown and overlying oral epithelium (McHugh 1961 of the enamel organ is demonstrated in this model system. There is some evidence that this capacity varies with the stage of development of the tooth. The analogy may be extended to include the aberrant activity of reduced dental epithelium which is thought to be involved in the initiation of dentigerous cysts (Harris & Toller 1975) . The graft epithelium which encloses the rod (Fig 6) closely resembles the squamoid zones found in the lining of such cysts and must arise from a similar region of the reduced enamel organ. Since this epithelium exhibits a propensity for vigorous growth, its counterpart in the cyst may also retain some capacity for proliferation. Thus the growth of metaplastic epithelium may supplement the hydrostatic changes which are thought to be the major factor in the expansion of dentigerous cysts.
In future experiments more exact dissociation of tooth germ components will be attempted, and so the present results are regarded as preliminary but informative. It is hoped to discriminate more precisely between those derivatives of odontogenic epithelium which tend to form resting groups of cells and those which can proliferate in the granulomatous environment. By this means it may be possible to throw some light upon the stimuli and mechanisms involved in the pathogenesis of lesions derived from abnormal growth of odontogenic epithelium.
